We calculate the weak nonleptonic decay of the Ω − baryon to octet final states in heavy baryon chiral perturbation theory (HBChPT). We include the one-loop leading logarithmic effects and show that this improves the universality of the HBChPT constants.
I. INTRODUCTION
The Ω − baryon is the only member of the decuplet of baryons that decays predominantly through the weak interaction. Its decay to octet baryons is well measured [1] and this provides an opportunity for finding useful constants in an effective theory of low energy QCD. We have demonstrated the importance of such constants for predicting couplings relevant to hypernuclear decay [2] .
We will use heavy baryon chiral perturbation theory (HBChPT), described below, to calculate the Ω − weak decay rate to leading logarithmic one-loop order. The constants in HBChPT have been determined to leading logarithmic one-loop order through fits to data on axial currents [4] , the S-wave nonleptonic decays of the octet of baryons [5, 6] , and the strong decays of the decuplet of baryons [7] to be [8] |C| = 1.08 ± 0.05 , D = 0.59 ± 0.03 , F = 0.35 ± 0.03 , H = −1.76 ± 0.59 , h C = 2.38 ± 9.59 , h D = −0.39 ± 0.22 , and h F = 0.93 ± 0.47 . (1.1)
Clearly the observables calculated to date do not constrain these constants well enough to provide a meaningful test of the method on any process sensitive to the large errors in the constants H, h C , h D , and h F . The P-wave nonleptonic decays of the octet baryons and the ΛΛK couplings are both examples of such observables.
One test of how well HBChPT works in describing hadronic observables is to see how universal the couplings of the theory are. How well does nature respect the SU(3) L ⊗ SU(3) R symmetry? How well does the chiral limit do as a starting point upon which we can systematically improve with perturbative loop calculations? We turn to the Ω − system for another test on our description of low energy QCD.
The two body decay modes of the Ω − to the octet are
Only two of these modes are independent after isospin symmetry has been applied, and we will choose the two whose lifetime measurement for the Ω − are in agreement:
The tree-level calculation is already in the literature [6] .
II. HEAVY BARYON CHIRAL PERTURBATION THEORY
Heavy baryon chiral perturbation theory [3] is an effective theory that embodies the symmetries of QCD. At the low momentum transfers involved in the weak decay of the Ω − , the mesons and baryons are the relevant degrees of freedom. Physics which appears in the more fundamental Lagrange density (QCD) is mimicked in the effective Lagrange density by a set of operators and their associated constants. Were nonperturbative QCD soluble, we could find these constants by matching the effective theory onto the full theory. Since this is not currently possible, we instead use experimental input to fix the constants. The power of the effective method is that it embodies the symmetries of the underlying theory, provides a power counting which allows calculations to be performed consistently order by order, and allowsà priori estimates of the correction to each order. It is systematic and model-independent. In this section we show the parts of the Lagrange density we will need in the Ω − decay calculation. The notation follows that outlined in [3, 6] , except that we choose the convention where the meson decay constant f = 132 MeV instead of f = 93 MeV. This is compensated by factors of √ 2 in the Clebsh-Gordan coefficients. The lowest dimension operators of the SU(3) L ⊗SU(3) R symmetric Lagrange density will dominate observables, with the higher dimension operators suppressed by increasing powers of p Λχ , where p is the typical momentum transfer in the problem and Λ χ ∼ 1 GeV is the chiral symmetry breaking scale. We will need both weak and strong parts of the Lagrange density for our one-loop calculation.
The strong interactions are described by
while the ∆s = 1 weak interactions are contained in
where the lowest mass octet baryons are
and the decuplet of baryons are
The subscript v labels the four-velocity of the baryon. The average mass of the octet of baryons has been explicitly removed from the Lagrangian [3] . The octet of mesons is contained in
where
The vector and axial vector current are defined through:
The covariant chiral derivative is
∆m is the average decuplet-octet mass splitting, and
extracts the desired ∆s = 1 transition. The constants appearing above are the axial couplings F , D, C, and H which appear in L strong , and the weak couplings h D , h F , h π , and h C from L weak . The pion decay constant is known to be f π ∼ 132 MeV. We have inserted factors of G F m 2 π f π in Eq. 2.3 so that the constants h D , h F , and h C are dimensionless. The weak interaction Lagrange density is written by assuming the ∆I = 1/2 rule.
In performing our calculations, both here on the Ω − decay and in previous work on other observables in HBChPT, we retain the lowest order operators in the Lagrange density and calculate their loop corrections. We keep only the leading logarithmic piece as this is formally dominant over the operators occurring at the next order in the Lagrange density (the counterterms). Numerically, the latter can be large and competitive with the leading logarithmic result. To take into account the error associated with neglecting them, we include "theoretical" error bars at the 25% level in performing our fits. We choose to do this because the number of constants introduced into the theory by including the counterterms is prohibitive and there are often not enough observables to fix them via experiments. Some authors choose to estimate the size of these counterterms using methods outside of HBChPT, but we prefer to retain a model-independent result and live with the less constrained predictions we obtain, since this provides a cleaner test of HBChPT.
III. AMPLITUDES AND TOPOLOGIES
The Ω − decay amplitude to an octet baryon can be written as
where T v is a member of the decuplet (in this case the Ω − ) B v is an octet final state, and M is a meson. The u B and u T are baryon spinors, and S v is the baryon spin operator. As usual, these are labelled by velocity quantum numbers. A (P ) is the the P-wave amplitude, and A (D) is the D-wave amplitude. We will only present the P-wave calculation in this work since this partial wave dominates the decay width. We can also calculate decay parameters but because the experimental errors are so large they are not useful for testing HBChPT.
The tree level diagrams are shown in Fig. 1 . The expressions for the tree level amplitudes are [6] 
where we have dropped the P designation since what follows will be only P-wave amplitudes.
We will write the loop level amplitudes as
where N designates the diagram number from Figs. 2 and 3, and we have separated the contributions to the vertex renormalization, V, from those to the wavefunction renormalization, W. We then calculate the width using
where m T , m B , and m M are the masses of the decuplet, octet, and meson, respectively, k is the 3-momentum of an outgoing particle, and the sum is over all diagrams N. The ClebshGordan coefficients for each graph are contained in C N , where we also include factors of the meson decay constant f π .
Below we give the expressions for nonzero V N and W N contributions in terms of the labels in Figs. 2 and 3 , and the following definitions 
The functional mass dependence is given explicitly. The subscripts on the masses correspond to the labels on the particle lines shown in Figs. 2 and 3 . We include the full nonzero decuplet-octet mass splitting dependence (∆m) in our formulas. The contributions to the vertex renormalization are:
Two of the contributions require more care:
and otherwise contribute zero at this order. The contributions to the wavefunction renormalization are
We have shown above the integrals generated by each of the diagrams in Fig. 2 and 3 but not the associated Clebsh-Gordan coefficients. Because there are about 500 intermediate states, it is not feasible to present them here.
IV. RESULTS AND CONCLUSIONS
Our expressions for the Ω − particle decay, along with the experimental width measurements for each decay mode, were included in a global fit to the HBChPT theory constants Though our expressions are valid for finite decuplet-octet splitting the fit was done taking ∆m = 0. This is necessary because many of the other calculations involved in the fit were performed in the ∆m → 0 limit. It would be just as inconsistent to attempt to compare calculations done with ∆m = 0 to those done with ∆m = 0 in a global fit as it would to compare calculations done at tree level to those done to loop level. One of the reasons this consistency is so important is that SU(3) symmetric effects can generate large differences in the HBChPT coefficients fit at different orders even though differences in actual observables remain stable.
Note the dramatic improvement in the determination of the constant h C through the inclusion of the Ω − decay rates. The constants of HBChPT are not physically meaningful by themselves. However, they are useful in two ways. First, the goodness of fit to the available leading logarithmic one-loop calculations and the decrease in error bars from the constants shown in the fit without including the Ω − (Egn. 1.1) show that these systems are well described by a perturbative calculation in HBChPT. Second, these constants are necessary for making predictions and performing further tests of HBChPT. We can still expect some calculations of observables in HBChPT to show an unfortunate propagation of errors that will make HBChPT not restrictive for those observables, but the tests will be more meaningful now that the errors on the constants have been dramatically reduced.
We are now in a position to make predictions on other observables involved in weak Ω − decay. Its weak decay to the decuplet of baryons has been measured, and there is some data on asymmetry parameters, which makes it useful to calculate the other partial waves.
There is some evidence that the ∆I = 1/2 rule is violated by the Ω − decays [9] . We do not test that here beyond having assumed the ∆I = 1/2 rule and getting a good fit to the two isospin independent decay modes. We think our results are evidence in favor of the utility of HBChPT applied to hadronic observables. 
